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The Near Barth Asteroid Rendervous (N FAR) mission “hacceraft will arrive at Asteroid 433 (Ihros)
in Fehruary, 1999. Following an initial period of characterization, t he science phiase of the mission
will comnence, and unprecedented information concerning, @1 asteroid’s shape, mass, density, con-
position and rotational dynamics will be sentto Farth for analysis, It will alsonark the start of
orbital operations about the ost compl g and1CE ylar gravily field cver encou ntered its the history
of space exploration. The severity of Fros” distortion from the usual spheroid hodies CHCOU ered in
planctary exploration leads to fundamental differences in the 0rhital dynamics abont it. Operations
about Iiros will also serve as ancxciting test of orbit determination and prediction in an orbital
enviromment which €81y he chaotic in soine instatices.

T'he current analysis assumes a shape, uniform density aud rotational dynawics for Fros. In op-
crations, the &ravity fiedd witl be deterniined from Doppler {racking as coeflicients of a spherical
harmonic expansion and the rotational dynamics winn be determined from optical pictures. For pre-
encounter analysis the shape may cither be specified as  a constant density (ri-axial cllipsoid (1his
shape contains themajor non-spherical perturhations of Fros) of ditnensions a0 x 14 x 14 kmn (ba ged
011 groundabservations), Or as a constant density polylied ron containing 4202 vertex points (hased
on i1 supposed Bros shape). Fither approachi jay use existing closed-forin solutions for the gravity
field ormay use a harmmonic expansion determined by integrating over the shape.I'he constant
density of Fros is @a88Uned to he 3.5 g/ em®, alt hough this is uncertain to a large extent. Fros has
an observed rotation period of 5.27 hours, although it is notknown if this is a uniform rotation
or if there is significant precession and nutation. T'his analysis assumes a uniform rotation about
the Jargest mioment of inertia, although the analysis can be extended 1o the case where there s
precession and nutation of liros.

Given the assumned Bros rotational and gravitational "iodel, the equations of motion of an orbiting
spacceeraflt may be defined. 1t is useful to state then in hoth ™ iinertial and a body-fixed frame (a
uniformly rotating framc}, as cach formulation has its own benefits. Inthe inertial forimulation it is
possible to derive atheory of secular Cl‘““ﬂ“in01'1)ita|o]mncnts, uscful in planning and evaluating
itsston feasibility about sucl | an asteroid. In the body-fixed frame it is possible to define a Jacobi
mtegral, generale zero-velocity surfaces and comnpute periodic orbits all of which slid insight on
orbit stability ahout ¥ ros, and on the possible evolution of cjecta from Fros’ surface (and hence
possible distyibutions of co-orbit als).

iwronous orbits (circular orbits in merty) space) and periodic orbits which repeat in the rotating
Ohputed. These computations ave possible foran arbitrary gravitational field,
and do not assuime any special syminetry, The study of the stability of thesestationary and periodic
orbits sheds light on the general stability of orbital motion about Fros. 1t is found that all four
syedonons orbits are unstable (in opposition to the usual planct ;py case where there are two stable
and 1wo unstable SYRehr gy oy orbit s). Additionally) direct orbits withijy 2 yadiiare unstable and
tend to crash onto or escape from ros within days. Conversely, almost all retrograde, equatorial
periodic orbits are stable, even whery wit hinhundieds of mcters from Firos” surface. This highlights
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the stability of retrograde orbits in general. Some notable exeeptions to the above obscrvations are
aJSO not (‘d-



I't i ally, general orbital dyniamics about Jiros are discussed. Some sitnple formulac are given for the
secularmotion of the nod candarg ument of periapsis, Conditions for a satellite orbitto escape fromn
Frosare discuss(d, andsomne simple results derived. Finally, the chaotic nature of certain orbits
about ki ros arce disc uss ed, andthe consequences for orbit prediction are investigated.



